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VL1l e Introduction and Vocabulary

e Principles of Design

(i
(ii)
(iii)
(iv)

modularity

separation of concerns

information hiding and data encapsulation
abstract data types, object orientation

o Software Modelling

i)
(ii)
(i)

VL12 (iv)

VL13 (v)

VL 14

views and viewpoints, the 4+1 view
model-driven/-based software engineering
Unified Modelling Language (UML)
modelling structure

a) (simplified) class diagrams

b) (simplified) object diagrams

) (simplified) object constraint logic (OCL)

modelling behaviour

a) communicating finite automata

b) Uppaal query language

¢) basic state-machines

d) an outlook on hierarchical state-machines

o Design Patterns
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o Class Diagrams

e concrete syntax,

e abstract syntax,

e class diagrams at work,
‘e semantics: system states.

o Object Diagrams
e concrete syntax,
e dangling references,

e partial vs. complete,
e object diagrams at work.

e Proto-OCL

e syntax,

e semantics,
‘<o Proto-OCL vs. OCL.

o Putting it All Together:
Proto-OCL vs. Software
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Class Diagrams:

Class Diagrams

Concrete Syntax

typed
attributes

typed
methods

where

class name

C

UliTl

U 2 Ty

fl(TlAla e ﬂTlAnl)

:fm(Tm,lv L

Do)

ZTl()

s

: TmAO

o Th,....,Tmo € T U{Co1,C, | Caclass name}

-12 - 2016-06-20 - Sumlsig -

e 7 isaset of basic types, e.g. Int, Bool, . ...

5/48

class

attributes
compartment

methods
compartment
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Concrete Syntax: Example

-12-2016-06-20 - Sumlsig -

D

x: Int

Co,1
f(Int) : Bool
get_z() : Int x : Int

p: 004,1
D
x: Int
f(Int) : Bool
get_z() : Int
n I D
0..1 x: Int
» T{Int) = Bool
rlo.1 get_z() : Int

And nothing else! This is the concrete syntax of class diagrams for the scope of the course.

Abstract Syntax: Object System Signature

-12-2016-06-20 - Sumlsig -

Definition. An (Object System) Signature is a 6-tuple
& =(7,6,V, atr, F, mth)

where

I»uuse:é Df'v

o 7 isaset of (basic) types,

o % is afinite set of class

e Visafinites typed attributes v : T', i.e, each v € V has type T',

o atr: € — 2V maps each class to its set of attributes.

e Fis afinite set of typed behavioural features f : T,..., T, — T, ‘ZSZ,G{

o mth : € — 2F maps each class to its set of behavioural features. Heese
wst- SO

o Atype can be a basic type 7 € 7, or Co,1, or C, where C € 4. wieel,

Note: Inspired by OCL 2.0 standard OMG (2006), Annex A.

7/48
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Object System Signature Example

=12 -2016-06-20 - Sumlsig -

3./

Definition. An (Object System) Signature is a 6-tuple /
F = (TEV,atr. F,mih) S = ({Int, Bool},
—
where {C s D }, /v
» 7 isaset of (basic) types,
» ¢isafinite set of classes, {1’ - Intpg : 00»17ln . C*}7 QN
» Visafinite set of typed attributes v : T, i.e, eachv € V has type T, {C — {p7 TL} , D — {p7 IE} },
o atr: ¢ — 2V maps each class to its set of attributes. e~V — /_F
o Fisafinite set of typed behavioural features f : T1,..., T, — T, { f s Int — Bool7 get_gj‘ : ]’[’Lt}7
a g —_—
o mth : € — 2% maps each class to its set of behavioural features.
» Atype can be a basic type 7 € .7, or Co,1, 0r C, where C' € €. {Cl — @7D — {f7 get—m )

wt,

9/48

From Abstract to Concrete Syntax
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n D
0.% | 0..1 A x:Int
> ¢ | P T f(Int) : Bool
p [ 0.1 ]" get_x() : Int

| & =(7,6,V, atr, F, mth)

o 7= §lut, BoolS,
cv={d,f, v
. V:{;c-'wf,?"c{on, dei, o
atr:{ C’H{p.nz,bl—é{w,p]i' "
Fo§ it Sal, gt x: bé S,

Tth:fC"—bﬂ, D f, gehx)S

“\1“/\?’6‘7'”
b () ~£{, gefxj
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Once Again: Concrete vs. Abstract Syntax
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D
[ x: Int
n:C. p:Coi
p:Cos [f(Int) : Bool
get_a() : Intx: Int
p:Coy

D

@ Int

F(Int) = Bool
get_z() : Int

o = ({Int, Bool},

{C, D},
{z: Int,p: Cor,n:C.},
{C = {p,n}, D {p,a}},

D

z Int
f(Int) : Bool
get_x() : Int

> {f : Int — Bool, get_z : Int},
{C '+ 0,Dw {f, get_z}})

n:C.
p:Coa

D
T It
p:Cox
f(Int) : Bool
get_(): Intx : Int
p:Coa

Class Diagrams at Work

n D
[ c 0.1 [z Int
» | F(nt) : Bool
o T get(): Int
n 5}
.1 T Int
» f(Int) : Bool
get_x() : Int

11748
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Visualisation of Implementation

-12-2016-06-20 - Scdatwork -

package pac;

import pac.D;

9 public wvoid print_nx {
10 System.out. printf (
B "%i\n", n.get_x() )\ };

o The class diagram syntax can be used to visualise code:
provide rules which map (parts of) the code to class diagram elements.

package pac;
import pac.C;

public_f(ass DI

10| { return x;

ol public DO ()
}

8|

9 public int get_x()

3

pac
C b/
X:int &=
print_nx(); get_x(): int;
[« D():

Visualisation of Implementation:

(Useless) Example

-12-2016-06-20 - Scdatwork -

open favourite IDE,
open favourite project,
press “generate class diagram”

wait...wait... wait...

e ca. 35classes,
e ca . 5000LOCC#

13/48
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Visualisation of Implementation: (Useful) Example

-12-2016-06-20 - Scdatwork -

Player
colour s
foe'&ion —{ Gameplay Render
speed
update notify
head
Segment Engine
§1Oy¥0 areawidth
colour [0+ | areaheight
world

o Note: a class diagram for visualisation may be partial.
— show only the most relevant classes and attributes (for the given purgose).

¢ Note: a signature can be defined by a set of class diagrams.

— use multiple class diagrams with a manageable number of classes for different purposes.

o Adiagram is a good diagram if (and only if?) it serves its purpose!

Literature Recommendation

-12-2016-06-20 - Scdatwork -

e R

(Ambler, 2005)

15/48
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A More Abstract Class Diagram Semantics

17/48

Object System Structure

-12-2016-06-20 - Sumlstruc -

Definition. A Object System Structure of signature
& =(9,%¢,V, atr, F, mth)

is a domain function 2 which assigns to each type a domain, i.e.
AN ——

e 7 € 7 ismapped to (1),

A~

e C € ¢ is mapped to an infinite set 2(C') of (object) identities.
o object identities of different classes are disjoint, i.e.

VC,DEC:C+#D— 2(C)Nn2(D) =0,
o on object identities, (only) comparision for equality “="is defined.

e C.and Cy 1 for C' € € are mapped to 22(C).

We use 2(%) to denote | ., Z(C); analogously 2(%.).

Note: We identify objects and object identities,
because both uniquely determine each other (cf. OCL 2.0 standard).
18/48



Basic Object System Structure Example

-12-2016-06-20 - Sumlstruc -

Wanted: a structure for signature
Howes 3:ﬂ°"‘w y
yo = ({Inta BOOZ}, {CaD}a {CU : Int,p : C(O,l,n : C*}, {C = {p, TL},D — {pvx}}v

{f : Int = Bool, get_z : Int},{C — 0, D — {f, get_z}})

A structure 2 maps
e 7 € J tosome Z(7), C € ¢ to some identities 2(C) (infinite, pairwise disjoint),
e C.and Cp 1 forC € € to 2(Co1) = 2(Cy) = 22(9).

D(Fow) = § e, deisy, (14 §

9(Int) = Z
2(0) = N¥x {cf= 81,23,
2(D) = Nt< D = {15,2,2,.3
P(Cor) = 2(Cy) = 22
(Dor) = 2Dy = 2°

19/48
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System State ‘ -
peal fdorchr e

Definition. Let 2 be a structyre of .7 = (7, €, V, atr, F, mth).
A system state of . wrt. Z i$ a type-consistent mapping

. — =
?mﬁi . o2 9(€) > (V » (27U Ty, el
Thatis, foreach u € 2(C), C € €, if u € dom(o)

o dom(o(u)) = atr(C)
o o(u)(v) e Z(r)ifv:T, 7€ T
o o(u)(v) € 2(D,)ifv:Dysorv: D,withD € ¢

We callu € 2(%) alivein ¢ if and only if u € dom(o).

We use ¥ to denote the set of all system states of .7 wrt. 2.

20/48



System State Examples
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Hower y: Flowy P
,5”0 = ({Int9 BOOZ}? {CzD}v {27 : I’/Lt,p : CO,lv" : C*}’ {C — {p7 n}vD g {p,:r}},
{f : Int = Bool, get_z : Int},{C +— 0,D > {f, get_z}})

@([nt):Z, @(0)1{10,20730,...}, Q(D):{1D72D73D7---}

P Howee) = § vove, Laasf, Lty
A system state is a partial function o : 2(€) » (V -» (2(7) U 2(6x))) such that
o dom(o(u)) = atr(C), o o(u)(v) € I(r)ifv:7,7€ T,

o o(u)(v) € 2(Cx)ifv:Dyorv: Doy withD € €.

/8

5= {1 o {ynise, P £54, nm &3,
sc Bignly, ppd, v 45,

by b 180 &, p P E5 j

o,

Content

o Class Diagrams
e concrete syntax,

—

e abstract syntax,

e class diagrams at work,
{

‘(e semantics: system states.
Z o Object Diagrams
concrete syntax,

dangling references,
partial vs. complete,

L L I I
e o @ o

object diagrams at work.
e Proto-OCL
e syntax,

e semantics,
‘e Proto-OCL vs. OCL.

o Putting it All Together:
Proto-OCL vs. Software
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Object Diagrams

b 23/48
Object Diagrams
0 = ({Int, Bool},{C,D},{z : Int,p: Co,1,n: Cix},{C — {p,n}, D — {p,x}},
{f : Int = Bool, get_z : Int},{C +— 0,D — {f, get_z}}), P(Int) =7
oc={le—={p—=0,n—{5c}}}.5¢ =~ {p—0,n—0},1p — {p— {5c},z — 23}}
— )
o We may represent o graphicaly as follows: /\J
] T
lc : C 5¢:C 1p . D C t s tax:
=0 =0 p—:mj oncrete Syntax:
n = 5 n=>0 z =23
LR i
This is an object diagram. optional — [ 1—= LT ]
o Alternative notation: \:15 J:irj/:‘ ] . .
. compartment
R optional
c:C n 5¢:C p 1p: D ‘,(Vijzl,[lij
p=0 f: g =23
.o Alternative non-standard notation: e
3 [ ~ optional
E: P 1c:C n 5¢c:C P 1p:D [ —
g 1 —t —y [2=3 jid 1z class |
S P n

24/48



Special Case: Dangling Reference
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Definition.
Leto € X% be a system state and u € dom(c) an alive object of class C'in o.

Wessay r € atr(C) is a dangling reference in wif and only if r : Co,1 orr : C and
u refers to a non-alive object via v, i.e.

o(u)(r) ¢ dom(o).

) v

Example: (e] °
co={leo{pbne Behthlo = {p ook oo 281 & &dows (o)

o Object diagram representation:

25/48

Fartial vs. Complete Object Diagrams

-12-2016-06-20 - Sod -

e By now we discussed “object diagram represents system state™:

{lc = {p—0,n— {5¢c}}, 5c:C (o]
5c>—>{p'—>@,n'—>®}, ~ lo:C " p=10 i oD

1p — {p> {50}, 7 — 23}} oo n=0 L
What about the other way round...?
o Object diagrams can be partial, e.g.
loiC] m [5¢:Cl « [lp:D]| c.C 50 C ip:D
H = or lo:C S5c:C lp:D
\ | \ | [z=23] ‘ ‘ ‘ ‘ ‘ ‘

— we may omit information.

o Is the following object diagram partial or complete? (wr?-. a:'./a,, &'3‘4“7"4/8 bo )

[

Q

Q
]

=
I
|
hS]
=S

o If an object diagram

e has values for all attributes of all objects in the diagram, and
o if we say that it is meant to be complete

then we can uniquely reconstruct a system state o. 26/48



Special Case: Anonymous Objects

If the object diagram

[
S

™

:D
xr =2

3

SRS

— 0
p=10 0

is considered as complete, then it denotes the set of all system states
{ecs={p—=0n—{c}}t,e—{p—0,n—0},d— {p— {c2},z — 23}}

where ce 2(C), de 2(D), c#lc.

Intuition: different boxes represent different objects.

-12-2016-06-20 - Sod -
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Object Diagrams at Work

12 - 2016-06-20 - main
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Example.’ Data Stl’uclul’e (Schumann et al., 2008)

BaseNode

parent : BaseNode,

firstChild : BaseNode..
lastChild : BaseNode,,

prevSibling : BaseNode,

node

Iterator

nextSibling : BaseNode.

operator-+-() : Iterator
operator——() : Iterator
operatorx() : BaseNode, 1

begin_it end_it

Forest

Node

data: T
Node(data: 7))

appendTopLevel( data: T')
appendChild( parent : Iterator, data: 7")
remove( it : Iterator)
depth(it: Iterator ) : int
end() : Iterator

begin() : Iterator
empty(): bool

size(): int

§
g
8
9
>
o
)
]
&
& 29/48
. 8
Example: lllustrative Object Diagram (schuman et ar, 200)
begin_it end_it
: Iterator : Forest - : Iterator
node node
nextSib nextSib
| E:Node | | end : BaseNode
prevSib ‘ ! prevSib
parent firstChild
parent|
firstChild parent lastChild firstChild
nextSib
F: Node
prevSib
lastChild
arent . .
P: firstChild
(O T )
B vew Edit rep
search: Titer & positive € negative ’ reset
BaseNode
parent : BaseNode.. Tterator 0 | 2 =
prevSibling : BaseNode. | 40
fietChid. BaseNiode. operator 0 Herator r .03 SACE
lastChild : BaseNode, operator() : BaseNodey S
begin_it end_it ? g
Forest =c o Lt
Node
data: T appendTopLevel data: T) —
' }Tode{‘dma ) appendChid( parent : Iterator, data: T') o i Ky
x remove it : Iterator ) S
g depth(it: Iterator) : int =E {Summary of rows E contains
é end!) Iterator —_—
3 zemg;r‘\(y)[) n::«]m E {false > true
K size): int _
&
3 ) ol =
&
]
n

30/48



Object Diagrams for Analysis
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Content

o Class Diagrams

e concrete syntax,
e abstract syntax,
e class diagrams at work,
e semantics: system stat

o Object Diagrams

concrete syntax,
dangling references,
partial vs. complete,

> Proto-OCL

(e syntax,

I L I
e o o

(e semantics,
(e Proto-OCL vs. OCL.

o Putting it All Together:

€s.

o object diagrams at work.

Proto-OCL vs. Software

M| ] N |
ctime = 27 data = d;
data = d3 data = dy
dadte: .D “
%

31/48
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Towards Object Constraint Logic (OCL)
— “Proto-OCL” —

Constraints on System States

-12-2016-06-20 - Socl -

x: Int

o Example: for all C-instances, = should never have the value 27.

V¢ € alllnstancesc @ x(c) # 27

33/48
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Constraints on System States

-12-2016-06-20 - Socl -

x: Int

o Example: for all C-instances, = should never have the value 27.

V¢ € alllnstancesc @ x(c) # 27

o Proto-OCL Syntax wrt. signature (.7, €, V, atr, F, mth), cis a logical variable, C' € ¢~

F:= ¢ I Te

alllnstancesc  :27¢ , delt

Vee FyeF, e X2 x B, - B,

|

| o(F) CTe =T, ifv:7€atr(C), zel~
| o(F) :Tc — TD, if v: Do,1 € atr(C)

| w(F) tTe — 27D if v: D, € atr(C)

| f(Fi,...,Fn) 71X XTp =T, iffimx - Xm—>1

|

34/48

Constraints on System States

-12-2016-06-20 - Socl -

x: Int

e Example: for all C-instances, x should never have the value 27.
V¢ € alllnstancesc @ x(c) # 27
o Proto-OCL Syntax wrt. signature (.7, €, V, atr, F, mth), cis a logical variable, C' € ¢-

F:= ¢ I Te

alllnstancesc  :27¢ , celt

|

| v(F) STe > TL, ifv:r€atr(C), el

| v(F) i Te — Tp, if v:Dos € atr(C)

| w(F) cTe — 2P if v: D, € atr(C)

| f(Fi, .., Fn) 71X XTp =T, iffimx - xXmm—>1 Q)
|

YVee Fy el e X2 x B, - B,
Vaa
o The formula above in prefix normal form: V¢ € alllnstancesce # (z(c), 27) )
—
T
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Semantics digjoiaC 5 :D@) > (V£ W‘/@(C}}

vmown
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e Proto-OCL Types:
o Irc] = 2(C) U {L}, I[ri]=2(r)U{L}, Z[27¢] = 2(Cs)U{L}
o I[B, ] = {true,false} U {L}, Z[Z,]=7ZU{L}

e Functions:
e We assume fz given for each function symbol f (— in a minute).

e Proto-OCL Semantics (interpretation function):

o Z[c](e,B) = B(c) (assuming 3 is a type-consistent valuation of the logical variables),

e, -‘F J:Uﬂ(d}{s)

° I[[all[nstancesc]]( B) = dom(o) N _@(C)

< alye w G-
o I[o(F)](, B) = {‘i (Z1Ee.8)) ( ) 'gﬂﬂi‘:m €dom@) (it noto : o)

o I[f(Fr, .-, Fu)l(o, 8) = fz(Z[F1](,B), - .., Z[Fn](o, B)).

true | if Z[F2] (o, Blc:= u]) = trueforallu € Z[F1] (o, B)
o I[Vc € Fy @ F3)(0,B) =« false ,if Z[F2](o, B[c := u]) = false for some u € Z[F1](c, B)
1 , otherwise

35/48

Semantics Cont’d

-12-2016-06-20 - Socl -

e Proto-OCL is a three-valued logic: a formula evaluates to true, false, or L.

o Example: Az (-, ) : {true, false, L} x {true, false, L} — {true,false, 1 } is defined as follows:

T true | true | true | false | false | false 1 1 1
To true | false 1 true false 1 true | false | L
Az (z1,z2) true | false L false | false | false il false | L

We assume common logical connectives —, A, V, . . . with canonical 3-valued interpretation.

e Example: +z(-,+): (ZU{Ll}) x (ZU{L}) - ZU{L}

+x( ) r1+xo ifzy # Landxgy # L
xr1,T =

T\FL &2 1 , otherwise

We assume common arithmetic operations —, /, , . ..

and relation symbols >, <, <, ... with monotone 3-valued interpretation.

o And we assume the special unary function symbol is Undefined:

true ifz =1,

isUndefinedz (z) = {false otherwise

isUndefined 7 is definite: it never yields 1.

36/48



Example: Evaluate Formula for System State

-12-2016-06-20 - Socl -

1c:C c
o 1%13 fﬁ x: Int

F =Vc € alllnstancesc o z(c) # 27
o Recall prefix notation: V ¢ € alllnstancesc ® #(x(c),27)
Note: # is a binary function symbol, 27 is a 0-ary function symbol.

e Example:

Z[V ¢ € alllnstancesc o #(x(c),27)](c, ) = true, because...

e Y S

I[A(w(e), 2D(0, B). | B:=0li=1c] ={e = Lo}

=7#z(Z[z(0)](o, ), I[27](,B) )

= #I(ﬂM)(x)7 277)

=#z(a(B(c) ) (), 271 )

=+#z(o(1lc )(z), 277)

=#1(13, 27) =true ...and 1¢ is the only C-object in o: Z[allInstancesc](o,0) = {1c}-

37/48

More Interesting Example
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. C
o: ;i—lcg i | x: It I|
& Mblishorses, i
Vel e 2(n(c)) # 27
% (3¢ (), 2%)
o Similar to the previous slide, we need the value of /S = fcl—) 1 g

o (o(Z[c(o,8))(n)) (z)
L

. Bé) =1c \
(1)) =g

—
=1

L

38/48



More Interesting Example

-12-2016-06-20 - Socl -

1 , otherwise

o ;C:—lcg " T ]
¢ ilustrses, "
Ve B e z(n(c)) # 27
o Similar to the previous slide, we need the value of

o (a(Z[)(o,8))(n)) ()
o I[)(0,8) = B(c) = 1o
* o(Z[eJ(0,8) )(n) = o(1c )(n) = 0
o o(a(Z[](0,B))(n))(z) =L
by the following rule:

IR(F)](o, 8) = {rf(u')(v) HIFY0,B) = {w'} Cdom(@) ey

Object Constraint Language (OCL)

-12-2016-06-20 - Socl -

OCL is the same — just with less readable (?) syntax.

Literature: (OMG, 2006; Warmer and Kleppe, 1999).

38/48
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Examples (from lecture “Softwaretechnik 2008”)

-12-2016-06-20 - Socl -

TeamMember Meeting Location
name : String 2.t meetings [ie s String * : String
age : Integer | Participants * | numParticipants : Integer 1

start : Date

duration: Time

move(newStart : Date)

@ context Meeting
@ inv: self.participants->size() =

an .
_ﬂ;f‘numPartlclpants
@ context Location
@ inv: name="Lobby" implies
meeting->isEmpty ()

ng.informatik uni- freiburg de/ teaching/swt/2008/

http://progla

Prof. Dr. P. Thiemann,

W df € Mw"’bk\g e S ((’m‘ici/w«é /sr{/ )= umgt{c,}zéé Gd/}

\V/ﬂée dj[&s‘% [ °

Where To Put OCL Constraints?

-12-2016-06-20 - Socl -

o Notes: A UML note is a diagram element of the form

ek Gc{(} = lébéé‘y ‘

> gty (hetiy Coty )

r——=—/1
‘Ltext\

_———a

text can principally be everything, in particular comments and constraints.

Sometimes, content is explicitly classified for clarity:

o Conventions:

L

-
-
P

stands for

OCL:
F

V self € alllnstancesc o Fﬁ

40y48
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Content

o Class Diagrams

e concrete syntax,

e abstract syntax,

e class diagrams at work,
e semantics: system states.

e Object Diagrams

e concrete syntax,

e dangling references,
e partial vs. complete,

‘e object diagrams at work.

e Proto-OCL

—e syntax,
e semantics,

Pﬂ Proto-OCL vs. OCL.
o Putting it All Together:

Proto-OCL vs. Software

Putting It All Together
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Modelling Structure with Class Diagrams

Definition. Software is a finite description S of a (possibly infinite) set [S] of
(finite or infinite) computation paths of the form o, = oy = gy -+ - Where

e 0; € ¥, i € Ny, is called state (or configuration), and

o a; € A, i € INy, is called action (or event).

The (possibly partial) function [ -] : S +— [S] is called interpretation of S.

o The set of states X could be the set of system states as defined by a class diagram, e.g.

Y= Z‘g 5”: :t:Int:

o A corresponding computation path of a software .S could be

o If arequirement is formalised by the Proto-OCL constraint
F =Vc € alllnstancesc o z(c) < 4

then S does not satisfy the requirement.
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More General: Software vs. Proto-OCL

o Let.” be an object system signature and & a structure.

o Let S be a software with

e states> C ©%,and
e computation paths [S].
o Let F' be a Proto-OCL constraint over ..
o We say [S] satisfies F', denoted by [S] |= F, if and only if for all
O'Oi)(fl 2)(7'2"'6 [[S]]

andalli € INg,
Z[F](os,0) = true.

e We say [S] does not satisfy F', denoted by [S] = F', if and only if there exists
00— 01 -2 0y -+ € [S]and i € Ny, such that Z[F[ (o, 0) = false.

o Note: ~([S] & F') does not imply [S] = F.
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o Class Diagrams can be used to graphically

e visualise code, )
o define an object system .

3.
o An Object System S&BcEarg .~ (together with a structure 2)

o defines a set of system states 7.

o ASystem State o € ©%

e can be visualised by an object diagram.

o Proto-OCL constraints can be evaluated on system states.

o Asoftware over ¥% satisfies a Proto-OCL constraint F if and only
if F' evaluates to true in all system states of all the software’s com-
putation paths.
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